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Atopic dermatitis (AD) is a common chronic inflammatory skin disorder that is 
characterized by clinical features of itch and eczematous lesions. AD is likely to 
have negative effects on sleep, discrimination, and complexity of family 
relationships. Maternal mental health in the prenatal period and postnatal period 
has been examined as a possible risk factor for AD in children. However, no study 
has examined the cumulative impacts of maternal mental health in the prenatal 
and postnatal periods on AD in children. The aim of the present study was to 
examine the association between cumulative exposure to maternal psychological 
distress in the prenatal and postnatal periods and the development of AD in 
children. This study found that 43.8% of all women experienced psychological 
distress in the prenatal or postnatal period, and 13.9% of children developed AD 
between the ages of one and two years. Maternal psychological distress in both 
prenatal and postnatal periods was associated with an increased risk of AD in 
children compared to no psychological distress in both periods (odds ratio (OR), 
95% confidence interval (CI): 1.41, 1.20-1.65). Maternal psychological distress in 
only the postnatal period was associated with an increased risk of AD in children 




the prenatal period was not associated with AD (adjusted OR, 95% CI: 1.15, 
0.96-1.39). In conclusion, the present results demonstrate that cumulative 
exposure to maternal psychological distress in the prenatal and postnatal periods 
is associated with an increased risk of AD in children. 







Atopic dermatitis (AD) is a common chronic inflammatory skin disorder 2 
characterized by clinical features with remission and relapse of itch and 3 
eczematous lesions (Weidinger and Novak 2016). AD is likely to have negative 4 
effects on sleep, discrimination (Weidinger and Novak 2016), and complexity of 5 
family relationships (Howlett 1999; Yang et al. 2019). Moreover, allergen 6 
sensitization may lead to asthma, allergic rhinitis, wheeze, or food allergy 7 
(Weidinger and Novak 2016). The Japanese national cohort study found that AD 8 
developed during the first year of life and peaked at two years of age, such that 9 
15.3% of 2-year-old children had AD (Yamamoto-Hanada et al. 2020). 10 
Regarding possible risk factors for AD in children, maternal mental health in the 11 
prenatal and postnatal periods has been examined (Chan et al. 2018). Prenatal 12 
maternal mental health problems were associated with an increased risk of AD in 13 
children (Chan et al. 2018; van der Leek et al. 2020). Postnatal maternal mental 14 
health problems were also associated with an increased risk of AD in children 15 
(Wang et al. 2016; El-Heis et al. 2017; van der Leek et al. 2020). Given these 16 
results, the present study examined the hypothesis that cumulative exposure to 17 




associated with an increased risk for AD in children. This hypothesis has been 19 
examined for other allergic conditions, such as wheeze and asthma (Chiu et al. 20 
2012; Brew et al. 2018). Both studies showed that cumulative exposure to 21 
maternal mental health problems in the prenatal and postnatal periods was 22 
significantly associated with an increased risk of wheeze or asthma in children. 23 
On the other hand, no study has examined the association with AD. 24 
Based on my experience throughout the postgraduate public health course, it 25 
appeared that many children had skin problems when I was working at the health 26 
center to collect the data for the Tohoku Medical Megabank Project Birth and 27 
Three-Generation Cohort Study (TMM BirThree Cohort Study). It was valuable 28 
experience for me, and it motivated me to explore childhood AD as the theme of 29 
my thesis. I hope this study will contribute to understanding the significance of 30 
maternal psychological distress in childhood AD. 31 
Therefore, the purpose of this study was to examine the association between 32 
cumulative exposure to maternal psychological distress in the prenatal and 33 
postnatal periods and the development of AD in children. 34 
 35 




Data were derived from the TMM BirThree Cohort Study, which is a prospective 37 
birth cohort study. Detailed information on the structure and aim of the TMM 38 
BirThree Cohort Study can be found in the cohort profile (Kuriyama et al. 2020). 39 
This cohort recruited eligible pregnant women and their families from 2013 to 40 
2017 at obstetric clinics or hospitals in Miyagi Prefecture, Japan. In 41 
consequence, a total of 32,968 pregnant women and 23,730 fetuses were 42 
recruited. In the present study, among 23,730 mother-child pairs, 910 43 
mother-child pairs were excluded due to withdrawal from participation (n = 455), 44 
abortion, still birth, or child death (n = 323), no identification of childbirth status (n 45 
= 111), and mothers under 18 years of age (n = 21). Of the remaining 21,674 46 
mother-child pairs, 9,245 pairs who had missing data on AD and 2,453 pairs in 47 
which the child had AD at the age of one year were excluded. Subsequently, 579 48 
mother-child pairs who had missing data on the following variables were 49 
excluded: smoking status in pregnancy (n = 241), prenatal psychological distress 50 
(n = 66), parity (n = 22), preterm birth (n = 9), low birth weight (n = 4), postnatal 51 
psychological distress (n = 153), and educational attainment (n = 84). Of 10,543 52 
mother-child pairs, 2,062 pairs who had missing data on AD at the age of two 53 




this study (Figure 1). Characteristics of participants included and not included in 55 
the analysis is shown in the supplementary table (Table S1). 56 
The TMM BirThree Cohort Study protocol was reviewed and approved by the 57 
Ethics Committee of Tohoku University Tohoku Medical Megabank Organization 58 
(2013-1-103-1). All participants provided their informed consent at enrollment. 59 
In early pregnancy and one year after delivery, mothers responded to the 60 
Japanese version of the K6 scale (Kessler et al. 2002; Furukawa et al. 2008). The 61 
K6 scale consists of six questions asking about the frequency that mothers 62 
experienced symptoms of psychological distress during the past 30 days, as 63 
follows: 1) nervous, 2) hopeless, 3) restless or fidgety, 4) depressed that nothing 64 
could cheer me up, 5) everything was an effort, and 6) worthless. The responses 65 
ranged from 0 to 24 using a 5-point Likert scale for each question: “none of the 66 
time” (0 points), “a little of the time” (1 points), “some of the time” (2 points), “most 67 
of the time” (3 points), and “all of the time” (4 points). A higher total score 68 
indicates a worse mental health status. The focus of this study was on maternal 69 
mental health, in particular, a state of psychological distress described as the 70 
beginning of major depressive disorders, such as anxiety and depression 71 




which is used to indicate psychological distress, including mood/anxiety 73 
disorders (Sakurai et al. 2011). Maternal psychological distress was categorized 74 
into four groups based on previous studies (Mora et al. 2009; Sutter-Dallay et al. 75 
2012; Rotheram-Fuller et al. 2018); no psychological distress in both prenatal 76 
and postnatal periods; psychological distress in only the prenatal period; 77 
psychological distress in only the postnatal period; and psychological distress in 78 
both the prenatal and postnatal periods. 79 
The presence of AD was assessed by the mother using the International Study 80 
of Asthma and Allergies in Childhood (ISAAC) when the child was one and two 81 
years of age (Asher et al. 1995). The questionnaire consists of the following 82 
questions: 1) ‘Has your child ever had an itchy rash which was coming and going 83 
for at least six months?’; 2) ‘Has your child had this itchy rash at any time in the 84 
last 12 months?’; and 3) ‘Has this itchy rash at any time affected any of the 85 
following places: the folds of the elbows, behind the knees, in front of the ankles, 86 
under the buttocks, or around the neck, ears or eyes?’. If the answers to 87 
questions 2) and 3) were “yes”, AD was classified as “yes” (Odhiambo et al. 2009; 88 
Kuniyoshi et al. 2019). The development of AD was defined as the presence of 89 




Potential confounders were selected based on a recent systematic review 91 
(Chan et al. 2018) and previous studies (Chiu et al. 2012; Brew et al. 2018). 92 
Maternal age at delivery was categorized into four age groups (18-29 years, 93 
30-34 years, 35-39 years, ≥ 40 years). In early pregnancy ( < 14 weeks) and one 94 
year after delivery, self-reported questionnaires were used to collect the following 95 
potential confounders: maternal smoking status in early pregnancy (never 96 
smoked, quit before becoming aware of pregnancy, quit after becoming aware of 97 
pregnancy, currently smoking), maternal educational attainment (high school or 98 
lower, junior or vocational college, university or higher), maternal history of AD 99 
(yes/no), and paternal history of AD (yes/no). Data on the maternal delivery and 100 
on the newborn child were collected from medical records, including parity 101 
(primipara, multipara), preterm birth ( < 37, ≥ 37 weeks’ gestation), low birth 102 
weight ( < 2500 g, ≥ 2500 g), and child sex. 103 
Differences in characteristics by maternal psychological distress were 104 
examined by using the chi-squared test. Odds ratios (ORs) with 95% confidence 105 
intervals (CIs) were calculated by multiple logistic regression analysis to examine 106 
the association between maternal psychological distress in the prenatal and 107 




adjusted for the mothers’ age at delivery, educational attainment, smoking status 109 
in pregnancy, history of AD, paternal history of AD, parity, child preterm birth, low 110 
birth weight, and sex. 111 
Effect modifications were examined by multiple logistic regression analyses 112 
using cross-multiplied variables formed by maternal psychological distress and 113 
each potential confounder. There was no significant interaction for maternal 114 
psychological distress and each potential confounder (p > 0.1). Therefore, a 115 
stratified analysis was not conducted. All analyses were performed using SAS 116 




Psychological distress was experienced in approximately half (46.8%, n = 121 
3,971) of all women in the prenatal or postnatal period. This included 14.4% of 122 
women in only the prenatal period, 13.5% in only the postnatal period, and 19.0% 123 
in both periods. A total of 1,182 (13.9%) children developed AD between the ages 124 
of one and two years. Significant differences were observed in all variables 125 




Table 2 shows the ORs and 95% CIs for the development of AD in children. 127 
Maternal psychological distress was associated with an increased risk of AD in 128 
children compared to no psychological distress in both periods (crude OR, 95% 129 
CI: 1.40, 1.19-1.64). This association remained after adjusting for potential 130 
confounders (adjusted OR, 95% CI: 1.41, 1.20-1.65). Maternal psychological 131 
distress in only the postnatal period was associated with an increased risk of AD 132 
in children compared to no psychological distress in both periods (crude OR, 95% 133 
CI: 1.27, 1.06-1.52). This association remained after adjusting for potential 134 
confounders (adjusted OR, 95% CI: 1.28, 1.06-1.54). Maternal psychological 135 
distress in only the prenatal period was not associated with an increased risk of 136 
AD in children compared to no psychological distress in both prenatal and 137 
postnatal periods (crude OR, 95% CI: 1.14, 0.95-1.37). This association 138 
remained after adjusting for potential confounders (adjusted OR, 95% CI: 1.15, 139 
0.96-1.39). Maternal educational attainment, history of AD, paternal history of 140 
AD, and child sex were associated with AD in children, whereas mothers’ age at 141 
delivery, smoking status in pregnancy, parity, child preterm birth, and low birth 142 






This study examined the association between cumulative exposure to maternal 146 
psychological distress in the prenatal and postnatal periods and the development 147 
of AD in children. Mothers with psychological distress in both the prenatal and 148 
postnatal periods and only the postnatal period were likely to have children with 149 
AD. The results suggest that continuous psychological distress in the prenatal 150 
and postnatal periods and that in only the postnatal period were risk factors for 151 
the development of AD in children. 152 
Cumulative exposure to maternal psychological distress in the prenatal and 153 
postnatal periods was associated with an increased risk of AD in children. This is 154 
similar to the results reported by previous studies (Chiu et al. 2012; Brew et al. 155 
2018). Chiu et al (2012) reported that the combined impact of high prenatal and 156 
postnatal maternal stress was associated with an increased risk of wheeze in 157 
children compared to low maternal stress in both periods (adjusted OR, 95% CI: 158 
3.04, 1.67-5.53). Brew et al (2018) also found that cumulative exposure to 159 
maternal anxiety or depression in the prenatal and postnatal periods was 160 
associated with an increased risk of asthma in children compared to no anxiety or 161 




my knowledge, this is the first study to examine the association between 163 
cumulative exposure to maternal psychological distress in the prenatal and 164 
postnatal periods and AD in children. 165 
This consistency can be explained by the impact of each of prenatal and 166 
postnatal maternal psychological distress on AD in children. A systematic review 167 
reported that prenatal maternal mental health problems were associated with an 168 
increased risk of AD (Chan et al. 2018). Postnatal maternal mental health 169 
problems were also associated with an increased risk of AD (Wang et al. 2016; 170 
El-Heis et al. 2017; van der Leek et al. 2020). Therefore, cumulative exposure to 171 
maternal psychological distress in the prenatal and postnatal periods had a 172 
significant impact on AD in children. Biological mechanisms underlying the 173 
association between each of the prenatal and postnatal maternal mental health 174 
problems on AD need to be considered. In utero, maternal stress releases 175 
corticotropin-releasing hormone (CRH) via activation of the 176 
hypothalamic-pituitary-adrenal (HPA) axis (Faresjö 2015), and CRH is 177 
transported to the fetus through the placenta, which stimulates the fetal HPA axis 178 
to secrete glucocorticoids (Wright 2005). This modifies the infant’s immune 179 




contributes to this mechanism (Chang et al. 2016). In the postnatal period, high 181 
maternal stress promotes immunoglobulin E expression and the allergen-specific 182 
proliferative response in the child. This changes immune functions and enhances 183 
the inflammatory response in the child (Wright et al. 2004). Additionally, 184 
distressed mother tend to lack cognitive function (Hakanen et al. 2019) and 185 
express rejection to the child (Hornstein et al. 2006; Letourneau et al. 2017). This 186 
may lead to low responsiveness to the child’s needs or signals (Murray et al. 187 
1996; Hornstein et al. 2006; Hakanen et al. 2019). Such a poor quality 188 
mother-infant interaction may increase the risk of AD (Letourneau et al. 2017). An 189 
animal study also demonstrated that low maternal responsiveness was 190 
significantly associated with a higher inflammatory stress response in the infant 191 
(Kinnally et al. 2019). 192 
The results of the present study also supported previous studies that found an 193 
association between postnatal maternal mental health problems and AD in 194 
children (Wang et al. 2016; El-Heis et al. 2017; van der Leek et al. 2020). 195 
Therefore, a caregiver’s psychological distress after delivery may be a trigger for 196 
AD to manifest in children. 197 




risk of AD in children. This is inconsistent with most previous studies (Chan et al. 199 
2018) that demonstrated an association between prenatal maternal mental 200 
health problems and the life or point prevalence of AD in children. This may be 201 
due to differences in the definition of outcomes. The onset of AD may be 202 
observed in early childhood in children with prenatally distressed mothers. A 203 
nationwide study reported that 17.0% of children manifested AD before one year 204 
of age, and the prevalence of AD at the age of one year was the highest in the 205 
first three years (Yamamoto-Hanada et al. 2020). In the present study, children 206 
who had AD at the age of one year were excluded. Therefore, the association 207 
between prenatal maternal psychological distress and AD might have not been 208 
evident. 209 
This study has some implications for reducing the risk of AD in children. The 210 
results of this study suggest that cumulative exposure to maternal psychological 211 
distress in the prenatal and postnatal periods increases the risk of AD in children 212 
at the age of two years. This shows the importance of providing continuous 213 
support for mothers through the prenatal period to the postnatal period. In Japan, 214 
the government published a guideline from the prenatal and postnatal support 215 




government passed legislation requiring municipalities to make efforts to provide 217 
support for postpartum women (Ministry of Health, Labour and Welfare 2020). 218 
This project is expected to play a role in reducing mental health problems in 219 
high-risk mothers. A qualitative study showed that mothers experienced a lack of 220 
continuous care from the prenatal period to the postnatal period (Megnin-Viggars 221 
et al. 2015). In addition, some mothers were willing to receive education about 222 
pregnancy and the postpartum period from professionals, whereas others were 223 
unwilling to seek help from health care professionals unless their condition was 224 
serious (Nan et al. 2020). In that study, mothers were trying to solve problems by 225 
themselves. Apart from healthcare professionals, mothers’ partners also play a 226 
significant role. A study reported that it is important that men be involved in the 227 
care before childbirth to enhance the couple’s relationship and women’s 228 
autonomy (Tokhi et al. 2018). Moreover, another study reported that support 229 
especially from partners may reduce the risk of AD in children (Letourneau et al. 230 
2017). 231 
The present study has several limitations. First, 35.7% of the participants in the 232 
TMM BirThree Cohort Study were included in this study. There were many 233 




of AD, psychological distress, and child AD. This might happen because 235 
information about them was collected one or two years after delivery, and the 236 
follow-up rate had decreased. The participants included in the analysis were 237 
older and reported less distress, less smoking, fewer preterm and fewer low birth 238 
weight children than participants not included in the analysis (Table S1). Second, 239 
this study was conducted in one of the 47 prefectures in Japan. Therefore, the 240 
results of this study cannot be generalized. However, the TMM BirThree Cohort 241 
Study was able to recruit approximately half of the newborns in Miyagi Prefecture 242 
(Kuriyama et al. 2020). Last, maternal psychological distress and AD in children 243 
were assessed by self-reported questionnaires that may have led to 244 
misclassification. Self-reported AD in children might have been overestimated as 245 
demonstrated by a systematic review (Pols et al. 2016).  246 
In conclusion, the present study found that cumulative exposure to maternal 247 
psychological distress in the prenatal and postnatal periods was associated with 248 
the development of AD in Japanese children at the age of two years. Continuous 249 
support from partners, family members, and society through the prenatal period 250 
to the postnatal period may be important to improve maternal psychological 251 
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Figure 1. Flow diagram of participants in this study 
aData on smoking status and prenatal psychological distress were obtained from 
the questionnaire in early pregnancy ( < 14 weeks). 
bData on parity, child birth weight, and gestational age were obtained from the 
medical record. 
cData on postnatal psychological distress, educational attainment, and maternal 
and paternal histories of AD were obtained from the questionnaire at one year 
after delivery. 
dData on child AD at the age of one year were obtained from the questionnaire at 
the age of one year. 
eData on child AD at the age of two years were obtained from the questionnaire at 
the age of two years. 
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Table 1. Characteristics of participants by maternal psychological distress 
 
Total  
(n = 8,481) 
n (%) 




(n = 4,510) 
Prenatal 
only  
(n = 1,217) 
Postnatal 
only  
(n = 1,144) 
Both  
(n = 1,610) 
Age at delivery 
     
< 0.0001 
18-29 years 2209 (26.1) 1032 (22.9) 360 (29.6) 281 (24.6) 536 (33.3) 
 
30-34 years 3239 (38.2) 1711 (37.9) 466 (38.3) 466 (40.7) 596 (37.0) 
 
35-39 years 2326 (27.4) 1336 (29.6) 289 (23.8) 327 (28.6) 374 (23.2) 
 
≥ 40 years 707   (8.3) 431   (9.6) 102   (8.4) 70   (6.1) 104   (6.5) 
 
Educational attainment 
     
< 0.0001 
High school or lower 2716 (32.0) 1334 (29.6) 406 (33.4) 392 (34.3) 584 (36.3) 
 
Junior or vocational college 3303 (39.0) 1815 (40.2) 470 (38.6) 427 (37.3) 591 (36.7) 
 
University or higher 2462 (29.0) 1361 (30.2) 341 (28.0) 325 (28.4) 435 (27.0) 
 
Smoking status in pregnancy 
     
< 0.0001 
Never smoked 5442 (64.2) 3016 (66.9) 758 (62.3) 751 (65.7) 917 (57.0) 
 
Quit smoking before pregnancy 1981 (23.4) 1018 (22.6) 281 (23.1) 267 (23.3) 415 (25.8) 
 
Quit smoking after pregnancy 917 (10.8) 426   (9.5) 159 (13.1) 102   (8.9) 230 (14.3) 
 
Currently smoking 141   (1.7) 50   (1.1) 19   (1.6) 24   (2.1) 48   (3.0) 
 
Maternal history of AD 
     
0.0019 
No 7454 (87.9) 4008 (88.9) 1058 (86.9) 1013 (88.6) 1375 (85.4) 
 
Yes 1027 (12.1) 502 (11.1) 159 (13.1) 131 (11.5) 235 (14.6) 
 
Paternal history of AD 
     
0.70 
No 7927 (93.5) 4223 (93.6) 1132 (93.0) 1074 (93.9) 1498 (93.0) 
 
Yes 554   (6.5) 287   (6.4) 85   (7.0) 70   (6.1) 112   (7.0) 
 
Parity 
     
< 0.0001 
Primipara 3971 (46.8) 2000 (44.4) 649 (53.3) 503 (44.0) 819 (50.9) 
 
Multipara 4510 (53.2) 2510 (55.7) 568 (46.7) 641 (56.0) 791 (49.1) 
 
Sex 
     
0.032 
Female 4165 (49.1) 2158 (47.9) 615 (50.5) 557 (48.7) 835 (51.9) 
 
Male 4316 (50.9) 2352 (52.2) 602 (49.5) 587 (51.3) 775 (48.1) 
 
Preterm birth 
     
0.19 
No 7972 (94.0) 4252 (94.3) 1130 (92.9) 1069 (93.4) 1521 (94.5) 
 
Yes 509   (6.0) 258   (5.7) 87   (7.2) 75   (6.6) 89   (5.5) 
 
Low birth weight 
     
0.091 
No 7671 (90.4) 4098 (90.9) 1077 (88.5) 1039 (90.8) 1457 (90.5) 
 
Yes 810   (9.6) 412   (9.1) 140 (11.5) 105   (9.2) 153   (9.5) 
 
Development of AD at the age of 
two years      
0.0002 
No 7299 (86.1) 3944 (87.5) 1046 (86.0) 968 (84.6) 1341 (83.3)  
 
Yes 1182 (13.9) 566 (12.6) 171 (14.1) 176 (15.4) 269 (16.7) 
 







Table 2. The association between maternal psychological distress and the development of AD in 
children at the age of two years 
 






 (95% CI)* 
Maternal psychological distress 
    
None in both prenatal and postnatal 566/4510 12.5 1.00 1.00 
Prenatal only 171/1217 14.1 1.14 (0.95–1.37) 1.15 (0.96–1.39) 
Postnatal only 176/1144 15.4 1.27 (1.06–1.52) 1.28 (1.06–1.54) 
Both in prenatal and postnatal 269/1610 16.7 1.40 (1.19–1.64) 1.41 (1.20–1.65) 
Age at delivery 
    
18-29 years 294/2209 13.3 1.00 1.00 
30-34 years 462/3239 14.3 1.11 (0.94–1.29) 1.04 (0.89–1.23) 
35-39 years 335/2326 14.4 1.13 (0.95–1.34) 1.07 (0.90–1.28) 
≥ 40 years 91/707 12.9 1.01 (0.78–1.29) 1.00 (0.77–1.29) 
Educational attainment 
    
High school or lower 338/2716 12.4 1.00 1.00 
Junior or vocational college 463/3303 14.0 1.17 (1.00–1.36) 1.15 (0.99–1.35) 
University or higher 381/2462 15.5 1.31 (1.12–1.54) 1.30 (1.10–1.54) 
Smoking status in pregnancy 
    
Never smoked 742/5442 13.6 1.00 1.00 
Quit smoking before pregnancy 299/1981 15.1 1.11 (0.96–1.29) 1.12 (0.97–1.30) 
Quit smoking after pregnancy 121/917 13.2 0.94 (0.76–1.15) 1.00 (0.81–1.24) 
Currently smoking 20/141 14.2 0.98 (0.61–1.59) 1.13 (0.70–1.85) 
Maternal history of AD 
    
No 983/7454 13.2 1.00 1.00 
Yes 199/1027 19.4 1.56 (1.32–1.85) 1.52 (1.28–1.80) 
Paternal history of AD 
    
No 1058/7927 13.4 1.00 1.00 
Yes 124/554 22.4 1.87 (1.51–2.31) 1.79 (1.45–2.21) 
Parity 
    
Primipara 541/3971 13.6 1.00 1.00 
Multipara 641/4510 14.2 1.06 (0.94–1.20) 1.09 (0.96–1.24) 
Sex 
    
Female 537/4165 12.9 1.00 1.00 
Male 645/4316 14.9 1.20 (1.06–1.35) 1.21 (1.07–1.37) 
Preterm birth 
    
No 1107/7972 13.9 1.00 1.00 
Yes 75/509 14.7 1.07 (0.83–1.38) 1.10 (0.82–1.47) 
Low birth weight 
    
No 1071/7671 14.0 1.00 1.00 
Yes 111/810 13.7 0.98 (0.79–1.21) 0.93 (0.73–1.19) 
*Adjusted for all other variables in the table. 







Table S1. Characteristics of participants included and not included in the analysis 
 
Participants included  
(n = 8,481),        
n (%) 
Participants not included 
(n = 15,249), 
 n (%) 
Age at delivery 
  
18-29 years 2209 (26.1) 4814 (33.1) 
30-34 years 3239 (38.2) 5187 (35.6) 
35-39 years 2326 (27.4) 3506 (24.1) 
≥ 40 years 707   (8.3) 1049   (7.2) 
Educational attainment 
  
High school or lower 2716 (32.0) 1947 (34.4) 
Junior or vocational college 3303 (39.0) 2162 (38.2) 
University or higher 2462 (29.0) 1555 (27.5) 
Smoking status in pregnancy 
  
Never smoked 5442 (64.2) 7787 (57.1) 
Quit smoking before pregnancy 1981 (23.4) 3213 (23.5) 
Quit smoking after pregnancy 917 (10.8) 2227 (16.3) 
Currently smoking 141   (1.7) 418   (3.1) 
Maternal history of AD 
  
No 7454 (87.9) 4850 (83.6) 
Yes 1027 (12.1) 952 (16.4) 
Paternal history of AD 
  
No 7927 (93.5) 5280 (91.0) 
Yes 554   (6.5) 522   (9.0) 
Perinatal psychological distress 
  
None in both prenatal and postnatal 4510 (53.2) 2590 (48.4) 
Prenatal only 1217 (14.4) 764 (14.3) 
Postnatal only 1144 (13.5) 841 (15.7) 
Both in prenatal and postnatal 1610 (19.0) 1156 (21.6) 
Parity 
  
Primipara 3971 (46.8) 6847 (47.0) 
Multipara 4510 (53.2) 7732 (53.0) 
Sex 
  
Female 4165 (49.1) 6988 (45.8) 
Male 4316 (50.9) 8261 (54.2) 
Preterm birth 
  
No 7972 (94.0) 13310 (91.3) 
Yes 509   (6.0) 1275   (8.7) 
Low birth weight 
  
No 7671 (90.4) 12873 (88.3) 
Yes 810   (9.6) 1701 (11.7) 
Development of AD at the age of two years 
  
No 7299 (86.1) 380 (87.0) 
Yes 1182 (13.9) 57 (13.0) 
Percentages were calculated after excluding missing values. 
AD = Atopic Dermatitis 
